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In the present work, the expressions for angular density of DTR generated in a single-crystal target by a relativ-
istic electron are derived for cases of Laue and Bragg scattering geometries. The derived expressions have been 
compared. The following two extremal cases have been considered when the path of the electron in the target is 
much longer or much shorter than the extinction length of X-ray waves in the single crystal.  
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INTRODUCTION 
The knowledge of spatial and angular distributions 
of particles in the incident beam is important for the 
experimental data interpretation in the physics of inter-
action of relativistic electrons with matter. That is why 
the working out of express methods of obtaining infor-
mation about the characteristics of the beam used in the 
experiment is actual problem. One of the approaches is 
to use different types of radiation excited by relativistic 
charged particles in matter. Recently the possibility of 
use of parametric X-radiation (PXR) for the diagnostics 
of relativistic electron beams was experimentally stud-
ied in [1, 2]. In [3] it was suggested using PXR generat-
ed in a thin crystal to get operative information on spa-
tial distribution of the relativistic electron beam. The 
applicability of transition radiation (TR) of vacuum ul-
traviolet range to measure the electron beam cross di-
mensions was demonstrated in [4].  
When a charged particle crosses the crystal plate 
surface, the transition radiation (TR) takes place [5]. TR 
appearing on the border diffracts then on a system of 
parallel atomic planes of the crystal which forms DTR 
in a narrow spectral range [6 - 9]. The DTR photons 
move near the Bragg scattering direction. In the work 
[10], the expression describing DTR was obtained in 
dynamical approach for a special case of symmetrical 
reflection of relativistic electron Coulomb field relative 
to the target surface in the Bragg scattering geometry. In 
[10] there was shown a good agreement of theory with 
experiment. In the recent work [11] the expression de-
scribing DTR in the Bragg scattering geometry was ob-
tained in kinematical approach for the symmetric reflec-
tion case.   
The process of coherent X-ray radiation by a single 
relativistic electron in a crystal is described in the 
framework of the dynamical theory of x-rays diffraction 
in [12 - 15]. In these papers, the dynamic theory of co-
herent X-ray radiation generated by a relativistic elec-
tron in a crystal are built for general case of asymmetric 
relative to the crystal (target) surface reflection of the 
electron Coulomb field. In this case, the system of the 
parallel reflecting atomic planes in the target can be 
located at arbitrarily given angle to the target surface. 
For divergent beam of relativistic electrons, the dynamic 
theory was developed in the resent works both in Laue 
scattering geometry [16] and in Bragg scattering geome-
try [17, 18].   
In the present work DTR of a relativistic electron in 
the electron beam crossing a monocrystalline target 
have been considered both in Laue and Bragg scattering 
geometries. The expressions for angular density of the 
radiation are derived. The obtained expressions have 
been compared in interesting cases when the path of the 
relativistic electron is much less or much more than the 
extinction length of x-ray waves in the monocrystalline 
target.  
THE RADIATION PROCESSES 
GEOMETRIES 
Let us consider a beam of relativistic electrons 
crossing a monocrystalline plate in Laue (Fig. 1) and 
Bragg (Fig. 2) scattering geometries.  
 
Fig. 1. Laue scattering geometry 
 
Fig. 2. Bragg scattering geometry 
Let us involve the angular variables ,  and 0 in 
accordance with the definition of relativistic electron 
velocity V  and unit vectors in direction of momentum 
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of the photon radiated in the direction near electron ve-
locity vector n  and in the of Bragg scattering direction 
gn : 
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where θ  is the radiation angle, counted from direction 
of axis of radiation detector 
2e , ψ  is the incidence 
angle of an electron in the beam counted from the elec-
tron beam axis 1e , 0θ  is the angle between the move-
ment direction of incident photon and axis 1e , 
21/1 V  is Lorentz-factor of the particle. The 
angular variables are decomposed into the components 
parallel and perpendicular to the figure plane: 
 θθθ || ,  0||00 θθθ ,  ψψψ || . 0  is 
the divergence parameter of the beam of radiating elec-
trons. 
Let us consider electromagnetic processes in the 
crystalline medium characterized by complex permittiv-
ity 
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the dielectric susceptibility, )()()(  ggg  i  
is the Fourier coefficient of the expansion of the 
dielectric susceptibility of the crystal in reciprocal 
lattice vectors g , and )(0   is the average dielectric 
susceptibility. 
ANGULAR DENSITY DTR  
IN A THIN CRYSTAL 
Let us write the expression describing the angular 
densities of DTR generated by relativistic electron 
crossing a single crystal plate in Laue scattering geome-
try [18]:  
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, BB gV  sin2/  is the Bragg frequency, B  is the Bragg angle.    
The parameter   is an important parameter in (3); it 
determines the degree of asymmetry of the reflection of 
the field in a crystal plate with respect to the target sur-
face. Note that the angle of electron incidence on the 
target surface B   increases when the   parameter 
decreases, and vice versa. 
Parameter 
)(s
Lb  characterizing the thickness of the 
crystal plate is the ratio of half of the path of the elec-
tron in the target  Bе LL   sin/  to the extinction 
length 
)(s
extL . Parameter 
)(s  can take the values in the 
interval 10
)(  s  and determines the degree of re-
flection of the waves from the crystal, which is caused 
by the nature of the interference of the waves reflected 
from different planes (constructive ( 1)( s ) or de-
structive ( 0
)( s ). The spectral function )()(  s  
rapidly changes with the frequency of the radiation 
therefore this function is convenient for use as an argu-
ment in the diagrams demonstrating the spectra of PXR 
and DTR. 
The expression describing the angular densities of 
DTR in Bragg scattering geometry derived in [16] has 
the view  
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Under a fixed value of 
B  the value   (6) defines 
the orientation of the crystal plate surface in relation to 
the system of diffracting atomic planes. When the angle 
of electron incidence on the target surface  B  de-
creases the value of   parameter can become negative 
and then will increase in magnitude (in extreme case 
B  ) that leads to increase in  . On the contrary, 
when the angle of electron incidence decreases the value 
of   decreases (in extreme case B  ). 
Let us consider the extreme case when the electron 
path in the target expressed in extinction length is 
)(sb  or )(sb . Let us write these ine-
qualities in view  2
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The extreme approximations of integrals of DTR 
spectra for Laue and Bragg scattering geometries we 
will obtain in following view  
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The approximations (7) were obtained in [18]. 
Using the obtained approximations, we will derive 
the angular densities of DTR in Laue and Bragg scatter-
ing geometries for conditions )(sLb  and 
)(sBb  correspondently  
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the expressions (3) and (5) will take the view  
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The expressions (9) and (10) describing the angular 
densities of DTR in Laue and Bragg geometries are co-
incided in the case of )(sb . Let us note that the 
condition )(sb  means the length of electron 
path in the target is considerably less than the extinction 
length of x-ray waves in the crystal 
)(s
exte LL   that 
completely excludes repumping incident and diffracted 
waves in each other.   
If the electron path much more than extinction 
length of x-ray waves in target )(sb  
(
)(s
exte LL  ) then the DTR angular density in Bragg 
scattering geometry (12) exactly two times exceeds the 
density in Laue geometry (11).   
CONCLUSIONS 
In the present work, the expressions for angular den-
sity of DTR generated by relativistic electron in a thin 
nonabsorbing target in Laue and Bragg scattering ge-
ometries have been derived. The expressions have been 
derived also for conditions when the electron path in the 
target is much less than extinction length of x-ray waves 
in the target. It has been shown that in this case the ex-
pressions for DTR angular density in Laue and Bragg 
geometry are almost coincided.  
The expressions have been derived also for condi-
tions when the electron path in the target is much more 
than extinction length of x-ray waves in the target. It has 
been shown that in this case the DTR angular density in 
Bragg scattering geometry exactly two times exceeds 
the density in Laue geometry.  
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СРАВНЕНИЕ ВЫРАЖЕНИЙ ДЛЯ УГЛОВОЙ ПЛОТНОСТИ ДПИ  
В ГЕОМЕТРИЯХ РАССЕЯНИЯ ЛАУЭ И БРЭГГА  
С.В. Блажевич, Р.А. Загороднюк, А.В. Носков 
Выражения для угловой плотности ДПИ, генерируемого в монокристаллической мишени релятивист-
ским электроном, выведены для случая геометрии рассеяния Лауэ и Брэгга  Проведено сравнение получен-
ных выражений. Рассмотрены два экстремальных случая, когда путь электрона в мишени много больше или 
много меньше длины экстинкции рентгеновских волн в монокристалле  
ПОРІВНЯННЯ ВИРАЗІВ ДЛЯ КУТОВОЇ ЩІЛЬНОСТІ ДПВ  
В ГЕОМЕТРІЇ РОЗСІЯННЯ ЛАУЕ І БРЕГА 
С.В. Блажевич, Р.А. Загороднюк, А.В. Носков 
Вираження для кутової щільності ДПВ, генерованого в монокристалічній мішені релятивістським елект-
роном, виведені для випадку геометрії розсіяння Лауе і Брега  Проведено порівняння отриманих виразів  
Розглянуто два екстремальні випадки, коли шлях електрона в мішені багато більше або багато менше дов-
жини екстинкції рентгенівських хвиль у монокристалі  
